LIQUID FLOW PRESSURE REDUCER AND METHOD 


BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to the delivery of pressurized liquids, and ? more 
particularly, to a method and device for reducing the pressure of a liquid flowing through a 
pressurized liquid system to a desired level. 

2. Discussion of Related Art 

In a liquid delivery system, it is often necessary to initially increase the line pressure in 
the system to a relatively high level and to subsequently decrease the line pressure at a 
downstream location in the system, "Line pressure" can be considered the pressure in a line or 
other flow path connecting a pressurized source to a downstream point in the system. The need 
for a relatively high initial line pressure and a lower downstream line pressure is especially 
evident in typical beverage delivery systems, which dispense liquid from a source located some 
distance from, and often underneath, the liquid outlet. The liquid must be pressurized to 
overcome gravitational forces and head losses that resist liquid flow from the liquid source to the 
liquid outlet. Furthermore, when the liquid to be dispensed at the outlet is carbonated, such as 
with beer or soda, the liquid must also be kept under pressure to prevent a loss of carbonation. 
However, the initial line pressure required for the system is often too high for proper subsequent 
dispensation at the outlet or other ultimate use of the liquid. This overpressurization is 
particularly detrimental in the field of carbonated beverage delivery because the 
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overpressurization at the system's faucet will cause the liquid to be dispensed at a higher-than 
desired velocity, resulting in the dispensing of an overly- foamy beverage. 

Prior art beverage dispensing systems that have addressed these problems have reduced 
line pressure by relying on head losses within an additional tubing section. Specifically, in some 
5 beer dispensing systems, the system is shipped to an intended installation with a standard length 
of Mayon tubing (typically 4.5') as well as a standard additional length or "coolant loop" of 
copper tubing designed to provide the head losses required of a "typical" system. Then, the 
length of additional tubing actually required to create the correct restriction for that particular 
installation is determined, and the "standard" system is modified as necessary to provide the 
S J0 required restriction for that installation. In about 75% of systems, the "standard" restriction is 
inadequate, and as much as an additional 20' of Mayon tubing must be installed in the system. 
;^ The existing copper tubing coolant loop leads must be lengthened by means of soldering on 
l~ extensions to match the length of Mayon tubing. The Mayon tubing is then secured to the 
u coolant leads first with filament tape and then with a polymer tape. The coolant lines and 
i;ffl5 Mayon tubing bundle are then insulated from the bottom of the dispensing head to the end of 
the leads with six foot sections of Armaflex insulation, and the seams of the Armaflex are 
glued and taped together. If less than "standard" restriction is required, some Mayon tubing 
must be removed from the system, and the coolant leads must be shortened to match the 
Mayon tubing. The tubing must then be taped and insulated as described above. 
20 It can thus be seen that the extra tubing is cumbersome to use, especially in installations 

in which many liquid lines must be placed in a relatively small area, as in many taverns. It is 
also difficult to install. These problems are especially severe in systems having beer pumps. 
These systems typically operate at a minimum pressure of 25 psig and often supply beer to 
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multiple faucets through a multi-way manifold. The constant applied pressure leads to a 
reduction in flow. Additional restriction therefore is required to maintain the natural carbonation 
level of the products within the system to avoid breakout of the carbon-dioxide from the 
beverage and resulting foaming at the faucet. 
5 Hence, the need has arisen to provide a pressure reducer for a fluid delivery system that is 

compact and simple in construction, that is easy to install, and that can be easily tailored to meet 
the pressure reduction needs of a particular system. 

SUMMARY OF T HE INVENTION 
; :ID The present invention relates to a simplified method and apparatus for obtaining a 

desired pressure drop in a liquid flowing through an enclosed path of a fluid delivery system. 
Instead of employing an extra length of coil or a complex variable or fixed orifice flow restrictor, 
* the present invention employs a special type of pressure reducer within the flow path to achieve 
M: the desired reduction in pressure. Specifically, the device is configured to impart repeated 
^5 directional changes to liquid flowing through the path. The directional changes necessarily 
reduce the liquid's momentum, hence reducing its pressure. Preferably, the pressure reducer 
includes a stationary restrictor that repeatedly splits the liquid into multiple (at least two) liquid 
streams, recombines the divided streams, then divides the recombined streams, etc. In a 
preferred embodiment, the restrictor includes a plurality of flow divider segments that are located 
20 within the passage and that are each configured to sequentially divide liquid flowing therepast 
into multiple liquid streams and to recombine the multiple liquid streams while causing the 
flowing liquid to change directions. Preferably, the flow divider segments are arranged in a 
pattern such that the segments alternate between segments having a first directional curvature 
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and segments having a second directional curvature. Each of the segments may comprise a 
generally helically curved blade having a leading edge, a trailing edge, and opposed curved 
surfaces, each of which is configured to border one of the liquid streams. The curved blades are 
arranged end-to-end such that the trailing edge of each curved blade extends at least generally 
5 perpendicularly to the leading edge of an adjacent downstream blade. 

The pressure reducer has the advantage of being much smaller than extra coils of liquid 
line. A desired pressure drop can be obtained with high precision simply by properly selecting 
the configuration and/or number of segments in the restrictor. The pressure reducer of the 
present invention is also relatively easy to incorporate into existing liquid delivery systems. 

m 

BRIEF DESCRIPTION OF THE DRAWINGS 
Preferred exemplary embodiments of the invention are illustrated in the accompanying 
,| * drawings in which like reference numerals represent like parts throughout, and in which; 

\i tat: 

U= Fig. 1 is a partially sectional side elevation view of a pressurized liquid dispensing 

system forming an example of a liquid delivery system constructed in accordance with a first 
■ preferred embodiment of the present invention and having a pressure reducer located at a 
distance from a faucet of the system; 

Fig. 2 is a partially sectional perspective view of the pressure reducer shown in Fig. 1 ; 
Fig. 3 is an exploded perspective view of a portion of the pressure reducer of Fig. 2; 
20 Fig. 4 is a side elevation view of the portion of the pressure reducer of Fig. 3; 

Fig. 5 is a partially sectional side elevation view of a pressurized liquid dispensing 
system forming a liquid delivery system constructed in accordance with a second preferred 
embodiment of the present invention and having a pressure reducer located close to the faucet; 
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Fig. 6 is a sectional side elevation view of the pressure reducer shown in Fig. 5; 
Fig. 7 is a graph illustrating pressure reducer restrictor segment number versus pressure 
drop for one embodiment of a pressure reducer constructed in accordance with the invention; and 
Fig. 8 is a graph illustrating pressure reducer restrictor segment number versus pressure 
5 drop for another embodiment of a pressure reducer constructed in accordance with the invention. 

DESTAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
1. Resume 

A pressure reducer is provided for use in a liquid delivery system that requires its liquid 
:p0 contents to be pressurized to a first, relatively high pressure but also requires that the liquid be 
'}% delivered to a downstream location such as a faucet at a second, relatively low pressure. The 
pressure reducer reduces the pressure of the flowing liquid by repeatedly imparting directional 
changes to the liquid. Preferably, the pressure reducer comprises a restrictor formed from a 

as;.- 

M ; plurality of aligned segments, each of which is configured to divide the liquid into two or more 
yj5 diverging streams and to recombine the streams at the end of the segment. Each segment 
^ preferably comprises a curved blade having opposed generally helical surfaces that border one of 
two divided liquid streams. The device may be located either remote from or adjacent the faucet 
or other terminal point of the liquid delivery system and can include either a single passage or 
multiple parallel passages. Each embodiment preferably comprises a section that helps 
20 straighten flow at the end of the pressure reducer. 
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2. Description of First Preferred Embodiment 

Referring to Fig. 1, a pressurized liquid delivery system 1 10 incorporating a pressure 
reducer constructed in accordance with a first preferred embodiment of the invention comprises a 
liquid source 1 12, a liquid line 1 14, and a destination 116. The components 112, 1 14, and 116 
5 may differ widely depending on the application. In the illustrated embodiment in which the 
system is configured to dispense beer, 1) the source 1 12 comprises a barrel, 2) the line 114 
comprises a relatively long trunk housing 118 and a shorter standard tubing section 120 at the 
downstream end of the line 1 14, and 3) the destination comprises a dispensing faucet 116. The 
barrel 1 12 is a standard pressurized barrel having a dispensing coupling 122. The trunk housing 
=R) 1 1 8 comprises a line imbedded in a liquid-cooled casing in a known manner. A volumetric 
; ;% pump 124 is located in the trunk housing 118 adjacent the barrel 1 12 and is configured to pump 
beer from the barrel 1 12 to the dispensing faucet 1 1 6 at a designated pressure rated to obtain a 
desired volumetric flow rate at the faucet 116. The dispensing faucet 116 may be located remote 
from the barrel 112 (sometimes in excess of 300 feet) and is mounted on a dispensing tower 126 
;[B extending upwardly from a counter (not shown) at a location with is typically disposed at a 
j!as= substantial distance above the barrel 1 12. Although only a single faucet 1 1 6 is illustrated, many 
dispensing systems will include multiple faucets, each of which is supplied with beer from a 
respective barrel and a respective line. 

A pressure reducer 18 is located within the liquid line 1 14 between the barrel 1 12 and the 
20 faucet 116. It is typically located in the standard tubing section 120 adjacent the dispensing 
tower 126. It is configured to reduce the line pressure at the faucet 116 sufficiently to obtain a 
velocity at the faucet 116 that optimizes the flow of beer from the faucet. The pressure reducer 
1 8 of this embodiment has a housing 22 containing a single passage 24 that houses a stationary 
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restrictor 27. The housing 22 is coupled to the tubing sections by a pair of standard unions 25, 
one of which is located at each end of the housing. The restrictor 27 is configured to impart a 
pressure drop to liquid flowing through the housing 22 by imparting repeated directional changes 
to the flowing liquid. In the illustrated embodiment, the restrictor 27 takes the form of a series of 
5 sections, each of which includes curved sections 26 distributed along a central axis 28 of the 
passage 24 as best seen in Fig. 2. The sections 26 are preferably in tight association with the 
walls of the passage 24 so they do not rotate. The sections 26 are connected to one another by 
short posts 30 that extend along the central axis 28 and that also separate the blades 26 from one 
another or, alternatively, could be molded end-to-end with no connecting pegs. 

s iSD As is best seen in Figs. 3 and 4, each section 26 of this embodiment takes the form of a 

curved blade and, accordingly will hereafter be referred to as a "blade." Each blade 26 has a 

; W : leading edge 32 and a trailing edge 34, as well as a first and second opposed side surface 36, 38, 

;t " and is generally rectangular in shape when viewed in elevation. Between the two edges 32, 34, 
each blade 26 is twisted in a generally helical or toroidal fashion to make a 180° turn around the 

j j|;5 axis 28, giving each blade 26 a pair of helical edges 40, 42 and providing each blade 26 with 
either a clockwise or counterclockwise directional aspect in which the downstream edge 34 
extends in parallel with the upstream edge 32. The pitch of each blade 26 is determined by the 
axial extent required to make the 1 80° turn. The illustrated blades have a medium pitch, each 
having a length of 7/32". A structure suitable for use as the restrictor 27, but heretofore 
20 designed for use solely as a stationary or motionless mixer, is a mixing rod available from 

ConPro Tec. Inc. under the tradename Statomix®. See http://www.mixpac.com . The mixing 
rod marketed by ConPro is configured to mix streams of epoxy glue or the like so as to dispense 
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an admixture from the end of the device. The mixing rod as used in a pressure reducer in 
accordance with the invention therefore can be thought of as "a mixing rod restrictor." 

The individual blades 26 of the restrictor 27 are arranged in segments 44 of two blades 26 
each, and each segment 44 comprises one clockwise curving or "right-hand" blade 26 and one 
5 counterclockwise curving or "left-hand" blade 26. In addition, the leading edge 32 of each blade 
26 extends at least generally perpendicularly with respect to the trailing edge 34 of the adjacent 
upstream blade. Referring to both Figs. 2 and 3, it can be seen that the blade 26' at the most 
upstream position within the pressure reducer 18 bears a wedge-shaped dividing bar 48 on its 
leading edge 32. Fig. 2 shows that the blade 26" in the most downstream position bears a 
; |0 similarly shaped recombining bar 50 on its trailing edge 34. Recombining bar 50 also acts a 
" -1! flow straightenor that helps straighten flow into downstream portions of the system. It could be 
replaced or supplemented by a partial blade 26" that curves in the opposite direction of the 
downstream-most complete blade. In the illustrated embodiment, it is attached to a partial blade 
H t: 26" forming the downstream end of the restrictor 27. In addition or instead of occurring through 
^|5 operation of the recombining bar 50 and/or the partial blade 26", flow straightening could be 

accomplished by altering the pitch on the downstream end portion of the downstream-most blade 
26". It is also replaced or supplemented by an outwardly-flared section 52 of the housing 22 that 
is located downstream from the restrictor 27. 

In use, when the liquid in the system 110 reaches the dividing bar 48 of the pressure 
20 restrictor 27, the dividing bar 48 divides the single liquid stream from the liquid source 1 12 into 
two diverging streams. Each stream of liquid passes over one of the curved sides 36, 38 of the 
blade 26\ thus imparting the clockwise directional aspect of the blade 26', on each of the two 
streams. The two streams reconverge at the downstream edge 38 of the blade 26' and the 
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reconverged stream is quickly split again by the leading edge 32 of the next blade 26 in the 
series. The next blade 26, having an opposite directional aspect than the one prior to it, imparts 
an opposite directional flow to each of the liquid streams. The pattern of splitting, clockwise or 
clockwise deflection, converging, counterclockwise or clockwise deflection, and reconverging 
5 continues over each of the segments 44. Initial splitting is facilitated by the dividing bar 48 at 
the upstream-most end of the device 18, and ultimate recombination and flow straightening are 
facilitated by the partial blade 26", recombining bar 50, and/or the flared end 52 of the housing 
22. 

By repeatedly imparting sharp directional changes to the flowing liquid, the relatively 
if |0 short pressure reducer 18 of the present invention produces a pressure drop that is as great as is 

provided by a dramatically longer piece of tubing. Additional pressure drop results from the 
\ ^- repeated splitting and recombining of the liquid streams. The reduction in pressure across the 
« pressure reducer 18 is therefore the sum of 1) the loss of velocity when liquid is required to 
M : change courses with every alternating blade 26, 2) the loss of velocity when a liquid stream 
; :LI 5 collides with another liquid stream, and 3) the loss of velocity caused by the increased surface 
- ~ area of the blades. The resulting restriction efficiency is dramatic. In fact, in a typical system, a 
6" restrictor provides approximately the same pressure drop as an 18 foot long section of tubing 
of the type used in prior art systems. Of the three factors discussed above, the directional change 
is currently considered to be the most important in carrying out the goals of the invention. It 
20 should be emphasized, however, that a variety of structures performing any or all of these 
functions fall within the scope of the present invention. 

The degree of pressure drop imparted by the pressure reducer 1 8 is determined by the 
dimension and pitch of the individual blades 26 and by the number of segments 44 in the 
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restrictor 27. Hence, the magnitude of pressure drop can be precisely determined by selecting 
suitable combinations of blade characteristics and/or segment numbers and by assembling a 
pressure reducer 18 having the desired physical characteristics. Partial segments 44 or single or 
even partial blades 26 could also be utilized to further fine tune the pressure drop provided by the 
device 18. In the simplest case, in which the pressure reducer 18 is made simply by providing a 
designated number of segments 44 formed from blades 26 of common physical characteristics 
and by inserting the segments 44 in the housing 22, an experimentally-known correlation can be 
used to select the desired number segments. One such correlation is illustrated by the curve 60 in 
Figure 7, which illustrates pressure drop through a pressure reducer at a volumetric flow rate of 1 
gal/min. The pressure reducer has an about a 1/4" diameter mixing rod housed in a 0.257" 
diameter housing. The pressure drop obtained through the use of a given number of restrictor 
segments is determined by the equation : y = 2,69x + 0.79, where x is the number of restrictor 
segments and y is the pressure reduction obtained as water flows through the pressure reducer at 
1 gal/min. Curve 60 illustrates that about a 7 psig pressure drop can be obtained by selecting two 
segments 44, about a 19 psig pressure drop can be obtained by selecting six segments 44, etc. 
The data used to prepare curve 60 is also reproduced in Table L 

Table 1 



Measured 

Assembly 

Mixing Rod 

Mixing Rod 

Number of 

Pressure Drop 

Pressure Drop 

Restriction 

Restriction per 

Blades 

(PSIG) 

(PSIG) 

(PSIG) 

Segment 

2 

7.36 

1.8 

5.8 

2.90 

4 

13.6 

1.8 

11.8 

2.95 

6 

19.0 

1.8 

17.2 

2.87 

8 

24.2 

1.8 

22.4 

2.80 

10 

29.7 

1.8 

27.9 

2.79 

12 

34.7 

1.8 

32.9 

2.74 

14 

39.8 

1.8 

38.0 

2.71 

16 

46.0 

1.8 

44.2 

2.76 




AVERAGE 

2.82 
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As an example of calculating the number of segments required for a typical system, 
assume that the system 110 of Fig. 1 is configured to deliver beer to the faucet 116 from the 
barrel 112. The ideal system delivers beer at about 1 gal/min at and a velocity of about 19.6 
in/sec at atmospheric pressure (lower velocities would undesirably increase the fill time of a 
5 container, and higher pressures would render the dispensed beer undesirably frothy). At 1 
gal/min, beer flows from a Vi" OD (3/8" ID) line at a velocity of 19.6 in/sec when the line 
pressure at the faucet is at atmospheric pressure (14 J psi). As is standard, the pump 124 forces 
beer into the downstream portions of the trunk housing 1 18 at a predetermined pressure set to 
overcome the maximum head losses encountered by a system having 300 feet of 14" OD (3/8" 

J ii0 ID) line and having 4.4 psig head losses in the tower. The typical Vi" OD tubing used in this 

/ type of system exhibits head losses of about 0.033 psi/ft. Hence, the typical pump has an output 
pressure of about 30 psi (14.7 + 4.4 + 300 X 0.033). If the distance from the pump to the faucet 

, is only 50 feet, the pump 124 would supply an overpressure of about 10 psi. (85.1 - (14.7 + 4.4 
+ 250 X 0.033)). Referring to Table 1 and Fig. 7, the desired pressure drop can therefore be 

^5 obtained by inserting 3.5 segments into the housing 22. 

3. Structure of Second Preferred Embodiment 

In another embodiment, illustrated in Figs. 5 and 6, the pressure reducer 318 is located 
within the upstream end of the outlet 216. As in the first embodiment, the source comprises a 
20 barrel, the outlet 216 comprises a faucet mounted on a tower 226, and the line comprises a trunk 
housing (not shown) and a short line segment 220. Liquid is pumped through the line 214 by a 
volumetric pump (not shown) connected to the trunk housing. 
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The pressure reducer 3 18 of this embodiment has a housing 322 have multiple passages 
and a separate restrictor in each passage. The illustrated housing has two parallel passages 324 
and 324' separated from one another by a central divider 323. Each passage 324 and 324' 
contains a restrictor 327, 327' formed from a series of restriction blades 326 connected to one 
5 another by posts 330 to form interconnected segments 344 of two blades each in the same 

manner as in the first embodiment. This embodiment can also feature a recombining device 346 
to help straighten flow for smoother dispensation at the liquid outlet 216. The recombining 
device 346 in this embodiment may be a bowl-shaped depression at the downstream end of the 
housing 322. 

; ; io The pressure reducer 3 1 8 of this embodiment, while being more complex than the 

)S pressure reducer 18 of the first embodiment, is short enough to fit within an existing faucet 216 
■ !T in an existing opening in the tower 226 while providing the same magnitude of pressure drop as 
the pressure reducer 18 of the first embodiment. The pressure reducer 3 1 8 therefore is usable in 
;U applications in which the line 214 is inaccessible. 

iBS The increased pressure drop per unit length afforded by the pressure reducer of this 

^ embodiment is due not only to the presence of multiple passages 324 and 324' in the housing 
322, but also due to the fact the pressure drop per unit length varies inversely with the diameter 
of a pressure reducer. Hence, each relatively narrow restrictor 327, 327' produces a larger 
pressure drop than a wider restrictor of the same length. The effect of rod-diameter variation on 
20 per-segment restriction is demonstrated graphically by the curve 62 in Fig. 8, which illustrates 
pressure drop as water flows through a pressure reducer at 1 gal/min. The pressure reducer has 
about a 3/16" diameter restrictor rod housed in a 0. 195" ID housing. The pressure drop 
provided by a restrictor having a given number of segments is determined by the equation : y = 
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13.03x - 5.99, where x is the number of restrictor segments and y is the pressure reduction 
obtained as water flows through the pressure reducer at 1 gal/min. Specifically, about a 21 total 
psig pressure drop is obtained with a two-segment restrictor, about a 35 psig total pressure drop 
is obtained with a 3 segment restrictor, etc. The data from Fig. 8 is tabulated in Table 2: 

5 

Table 2 



Measured 

Assembly 

Mixing Rod 

Mixing Rod 

Number of 

Pressure Drop 

Pressure 

Restriction 

Restriction per 

Blades 

(PSIG) 

Drop (PSIG) 

(PSIG) 

Segment 

1 

9.2 

2.2 

7.0 

7.0 

2 

21.6 

2.2 

19.4 

9.7 

3 

34.8 

2.2 

32.6 

10.9 

4 

51.5 

2.2 

49.3 

12.3 

5 

59.4 

2.2 

57.2 

11.4 




AVERAGE: 

10.3 


iiii Comparing the different slopes of the curves 60 and 62 reveals that the pressure drop 

M : offered by a pressure reducer can be precisely fine tuned not only by incorporating blades of 
;;40 different lengths or different pitches in the same pressure reducer, but also by incorporating 
; ! ]f : ' blades of different diameters in the same pressure reducer. 

Many changes and modifications could be made to the invention in addition to those 
discussed above. For instance, the inventive pressure reducer could be used in a wide variety of 
applications other than the dispensing of pressurized beverages. Alternative applications include 
15 as a flow restrictor in hydraulic system in which the need exists to reduce the pressure from a 
main pump to multiple lines serviced by the pump. The restrictor could also take many forms 
other than illustrated interconnected segments of curved blades, so long as the structure imparts 
the required repeated directional changes to the flowing liquid. Other changes will become 
apparent from the appended claims. 
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